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GENERAL INTRODUCTION 
Moisture stress is one of the major factors limiting 
seed yield in most soybean growing areas of the world. 
Therefore, the selection of genotypes that better withstand 
water stress, or that respond better to irrigation, may have 
great impact on soybean production. This investigation pro­
vides insight into both aspects of alleviating the problem of 
water deficit in soybeans which were grown in two climatically 
different geographic regions. 
One part of this investigation was conducted in Costa 
Rica during two planting seasons in 1982. Costa Rica, like 
most tropical areas of the world, is characterized by alter­
nate periods of drought and heavy rains. Furthermore, unpre­
dictable periods of drought frequently occur during the rainy 
season. Therefore, water stress is likely to occur at any 
stage of plant growth. Although not confirmed experimentally, 
some research workers have speculated that an indeterminate 
soybean growth type would have a better chance for recovery 
from moisture stress than a determinate type. This hypothe­
sis is based on the fact that the indeterminate type has a 
period of coincidence in vegetative growth and reproduction, 
and could resume growth and the production of flowers and 
pods after rewatering. With this information in mind, it was 
decided to compare the response to water stress of two de­
terminate and two indeterminate soybean cultivars introduced 
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into and grown in Costa Rica. Leaf water vapor conductance 
and leaf water potential data were collected, not only to 
document stress treatments, but to determine whether a physio­
logical relationship could be found between both parameters. 
The other part of this dissertation was performed in 
Ames, Iowa, during the summer of 1980 and 1981. There is 
evidence that, in some years, supplemental irrigation during 
reproduction significantly increases soybean yield in North 
Central U.S. Nevertheless, the response of different soybean 
stem types to supplemental irrigation has not been well docu­
mented. Indeterminate types traditionally have been grown in 
northern latitudes of the U.S., but in recent years, semide-
terminate and determinate types adapted to the U.S. Midwest 
have been developed. The main objective of this second aspect 
of the work was to study the response to supplemental irriga­
tion of some cultivars and lines representing the three stem 
termination types. Unfortunately, heavy rains at the end of 
the growing season did not allow plant water stress to develop 
in 1981, and the experiment was not harvested. Leaf water 
potential data were collected both years. 
Explanation of Dissertation Format 
This dissertation has been prepared following the "al­
ternate" format. The work performed in Costa Rica will be 
submitted for publication in Field Crops Research, under 
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the title, "Response of determinate and indeterminate tropical 
soybeans to water stress." This manuscript will be coauthored 
by Dr. Richard Shibles who has served as my major professor. 
A second paper concerning the work done in Iowa will be 
submitted to Iowa State Journal of Research, under the title, 
"Response of soybean stem termination types to supplemental 
irrigation." This article will be coauthored by Drs. Richard 
Shibles and Detroy Green, in that order. Dr. Green is a 
member of my committee. 
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LITERATURE REVIEW 
Stem Termination 
Genetical and morphological aspects 
Woodworth (1933) was the first to consider growth type 
as a monogenic character. Nagata (1960a) obtained results 
which supported Woodworth*s conclusions. In both cases, the 
F2 segregation ratio of a cross between determinate and inde­
terminate genotypes resulted in three indeterminates (Dt) to 
one determinate (dt). Nagata observed that, if the number of 
nodes produced after the onset of flowering were used to dis­
tinguish growth types, three categories could be classified, 
determinate, indeterminate and an "intermediate" type. When 
this intermediate type was considered as an independent cate­
gory, however, no theoretical Mendelian ratio was applicable 
to the F2 segregation from the Dt x dt cross. 
Bernard (1972) reported the presence of two major genes 
that hasten apical stem termination in soybeans, dt^ and Dt2, 
the former having a stronger effect. Determinate genotypes 
(dt^ dt^, ) are characterized by the abrupt termination 
of stem growth during the initiation of flowering, a short 
stem with significantly fewer nodes, and a floral raceme at 
the terminal node. On the other hand, the indeterminate geno­
types (Dt^ Dt^, dt2 dt2) are characterized by the continuation 
of stem growth and node and leaf production after commencement 
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of flowering. The stem consists of slender internodes, fewer 
pods per node and smaller leaves near the apex. Semideter-
minate genotypes (Dt^ Dt^, Dt2 Dtg) also have a long tapering 
stem, but with shorter, thicker internodes and fewer nodes 
than the indeterminates. At maturity, compared to the other 
two groups, this group presents a fairly long inflorescence 
bearing an intermediate number of pods at the terminal node, 
A relevant feature differentiating determinate and inde­
terminate types of soybeans is the shorter flowering period 
of the former group. Significant differences of 2 to 3 weeks 
have been reported by Thseng (1975), Bernard (1972), and of 
10 days by Nagata (1960a). 
Bernard (1972) observed that the abrupt termination in 
stem length growth in determinate soybeans is followed by an 
increment in stem diameter. This observation is supported by 
Egli and Leggett (1973), who compared dry matter accumulation 
patterns in determinate and indeterminate soybeans. The re­
sults of their investigation showed that the determinate geno­
type reached 84% of its maximum height and 67% of its maximum 
stem dry weight at the time of first flower appearance, in 
contrast to 64% of plant height and 30% of stem dry weight 
attained by the indeterminate cultivar at the same stage of 
development. 
Nagata (1960a) considered the number of nodes produced 
after the onset of flowering to be a major distinction between 
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determinate and indeterminate soybeans, but not the stem 
termination appearance. Using this criterion, Thseng and 
Hosokawa (1972) grouped soybean varieties into three cate­
gories according to the "degree of growth habit" (DGH): 
determinates, semi-indeterminates and indeterminates. The 
DGH was defined by means of the following formula; DGH = 
(A / A + B) X 100, where A corresponds to the increment in 
node number after first flower and B is the node number at 
maturity. The corresponding DGH for determinate, semi-
indeterminate and indeterminate types was 0, less or greater 
than 50%, respectively. 
More recently, Thseng (1974) proposed a genetic model of 
three gene pairs to explain the inheritance of DGH, but it 
has not been universally accepted. Bernard's (1972) classifi­
cation is more widely accepted, and is the one I will use in 
this dissertation. 
Modification of stem termination appearance 
The appearance of stem termination in soybeans is sub­
ject to modifications by environmental conditions, particu­
larly in the semideterminate and indeterminate types. Bernard 
(1972) reported that a semideterminate type may shift to in­
determinate due to shading or lodging effects. On the other 
hand, stem injury may induce determinateness in those two 
groups. He has also pointed out that short daylengths and 
adverse growing conditions may confuse the distinction between 
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determinate and indeterminate genotypes in some cases. 
Inouye et al. (1979) reported that some photoinsensitive 
soybean cultivars presented a determinate growth habit at 
temperatures of 20 and 25 C. However, these same cultivars 
showed a considerable increment in node number on the main 
stem after flowering at temperatures of 30 and 35 C. 
Adaptation 
The growth type is a characteristic of great significance 
in the adaptation of soybeans to different geographic regions. 
Indeterminate types are commonly grown in northern United 
States (38° to 50° N) and Canada, whereas determinate geno­
types are predominantly planted in southern United States 
(25° to 38° N), Japan and Korea (Shibles et al., 1975; Cooper, 
1976). However, in recent years, some determinate cultivars 
have been developed and released for 38 to 42°N (Cooper, 1981). 
Shibles (1980) has pointed out that indeterminate types 
of soybeans are better adapted for northern latitudes than are 
determinates. This observation is based on the fact that an 
indeterminate growth pattern permits some overlap of the vege­
tative flowering and seed forming stages, which allows a more 
efficient use of the very short season prevailing at those 
latitudes. This point of view is supported by Scott et al. 
(1980). They have concluded that future research oriented to 
improve soybean seed yield should consider the length of the 
seed filling period as a point of major importance. 
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On the other hand, the study of growth habit of soybeans 
in the tropics has received little attention. Indeterminate 
and determinate genotypes are grown in the tropics; the latter 
group was introduced more recently (Shibles, 1980). Cooper 
(1976) has mentioned that determinate types prevail in those 
areas. On the other hand, Hartwig (1973) mentioned that many 
of the genotypes that show acceptable growth in the tropics 
are indeterminate. Perhaps an exception has been the cultivar 
Jupiter, which has a determinate growth type but flowers late 
enough to allow good vegetative development and an adequate 
seed yield at tropical latitudes (Hinson, 1972; Hartwig, 
1973; Alfaro, 1977). 
The most distinguishing characteristic of an indetermin­
ate soybean type is its integration of vegetative growth and 
reproduction over a long period of time after the onset of 
flowering. This trait is believed associated with the suc­
cessful agronomic adaptation of this legume to the tropics. 
It is thought that this growth pattern overcomes the negative 
effects of early flowering caused by the short daylengths of 
these latitudes on seed yield (Nagata, 1960b). Others specu­
lated that this growth type is important for recovery from 
water stress (excess or deficit), which typically occurs in 
these environments (Elston and Bunting, 1980). This hypothe­
sis is based on the fact that the indeterminate type could 
resume growth and the production of new flowers and pods 
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after normalization of the soil water regime (Elston and 
Bunting, 1980; Shaw and Laing, 1965). 
Another point of major significance related to the adapta­
tion of soybeans to different regions is the presence of genes 
which influence time of flowering and maturity (Bernard, 1971). 
This topic has been widely discussed by Shibles (1980). 
Agronomic studies 
Determinates vs indeterminates Determinate cultivars 
have been developed with the idea of minimizing the reduction 
in yield caused by lodging of indeterminate types, which are 
traditionally grown on the heavily fertilized soils of the 
northern United States. Cooper (1971) has reported reductions 
in yield mounting up to 23% in response to induced early 
lodging in narrow row spacings. Cooper (1981) showed that 
some of the new determinate soybean cultivars adapted to 
North Central U.S. outyielded selected indeterminate cultivars; 
i.e., Williams, when compared under "highly productive environ­
ments". He indicated, however, that these short, determinate 
genotypes were more affected by early moisture stress than 
were indeterminate cultivars. 
Wilcox and Sediyama (1981) concluded from a study con­
ducted in Indiana, in which several determinate and indeter­
minate soybean lines were compared, that the highest seed 
yield potential corresponded with the taller (76 to 87 cm) 
determinate lines. On the other hand. Beaver and Johnson 
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(1981a) found that, although some determinate lines equaled 
the higher yielding indeterminates, they were less predict­
able in performance. These results agree with those obtained 
earlier by Thseng and Huang (1976). Furthermore, Beaver and 
Johnson (1981b) observed that, when planting is delayed after 
early June in Illinois, indeterminate cultivars showed de­
creased lodging, whereas determinate cultivars tended to lodge 
more. When planting occurred in mid-June and early July, 
lodging was similar for both groups. 
Hartung et al. (1981) conducted a study in which near 
isogenic lines of 'Clark' and 'Harosoy', which had different 
gene combinations for stem termination and maturity, were com­
pared under irrigation. Determinate genotypes showed lower 
seed yield than indeterminates, but this difference in yield 
was not statistically significant. On the other hand, the 
large number of pods produced on the lower nodes of the de­
terminate lines was considered a weakness when using furrow 
irrigation. Pods near the ground surface are difficult to 
collect with mechanical harvesters. The problem of an exces­
sive number of pods produced near the ground surface by short 
determinate types was observed in earlier investigations (Hicks 
et al., 1969) when these genotypes were grown at low popula­
tion densities. Littlejohns and McLaren (1978) working in 
Canada with two row widths (26 and 61 cm) also found that 
indeterminates outyielded determinates, under both row spacings. 
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An interesting result from research conducted by 
Schapaugh and Wilcox (1980) with several determinate and in­
determinate genotypes in Indiana was that no difference in 
harvest index could be detected among cultivars of both stem 
termination types. 
Semi determinates vs indeterminates In recent years, 
semideterminate soybean lines adapted to North Central United 
States have been compared with indeterminate types at differ­
ent locations. Results obtained in several studies (Shibles 
and Green, 1969; Shannon et al., 1971; Green et al., 1977; 
Hartung et al., 1981; Chang et al., 1982) have revealed that 
there is little difference in seed yield between these stem 
termination types. 
However, with few exceptions, semi determinate cultivars 
have shown less lodging than indeterminates, indicating that 
the Dt2 gene can be used to attenuate lodging without causing 
a reduction in yield (Green et al., 1977; Wilcox, 1980; 
Hartung et al., 1981; Chang et al., 1982). Hartung et al. 
(1981) concluded that Dt2 soybean genotypes represent an ex­
cellent alternative for furrow irrigation cropping systems. 
Results from the few investigations in which the agronomic 
performance of the three stem termination types have been com­
pared have confirmed that semideterminates resemble in per­
formance the indeterminate more than the determinate type 
(Shannon et al., 1971; Hartung et al., 1981). 
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Soybean Response to Water Deficit 
Under most field conditions, soybeans are subject to 
some degree of moisture stress (Mederski et al., 1973). For 
instance, in the U.S. Midwest, the normal rainfall that occurs 
during the growing season is less than the amount required 
for obtaining high soybean yields. The crop, therefore, 
becomes very dependent upon the water stored in the soil 
profile (Peters and Johnson, 1960). 
Thompson (1970) used a multiple regression analysis to 
measure the effect of different weather variables on soybean 
seed yield in the North Central United States. He concluded 
that the highest yields were associated with temperatures 
above normal in June and below normal in July and August. 
High seed yields were also correlated with normal precipita­
tion occurring from September through June, and with above 
normal rainfall occurring in July and August. His observa­
tions agreed with previous findings of Runge and Odell (1950) 
in Illinois. 
In fact, there are several examples which corroborate the 
beneficial effect of supplemental irrigation on seed yield of 
soybeans in different areas of the world (Matson, 1965; 
Cassel et al., 1978; Constable and Hearn, 1978; Martin et al., 
1979; Reicosky and Deaton, 1979; Ashley and Ethridge, 1979). 
In tropical areas, the normal pattern of water distribu­
tion is characterized by alternate periods of drought and 
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heavy rains; therefore, stress periods due to excess or short­
age of -water are common (Elston and Bunting, 1980). In the 
tropical areas of Africa (10° to 20° N), droughts frequently 
occur during the normal cropping season; they are mainly 
associated with an erratic beginning of the rains or an 
earlier than normal cessation of rains. Furthermore, in some 
places, such as Nigeria where annual rainfall exhibits a bi-
modal pattern, drought can occur during any stage of crop de­
velopment (Wien et al., 1979). The rainfall distribution 
pattern in the Central and Northern Pacific areas of Costa Rica 
is similar to that of Nigeria (Vives, 1973). 
Physiological effects of water deficit 
Most of the basic metabolic processes of the soybean 
plant, directly or indirectly, are affected by water deficit, 
depending upon the severity and the duration of the stress: 
plant growth (Boyer, 1970a), photosynthesis and respiration 
(Boyer, 1970b), transpiration (Reicosky and Deaton, 1979), 
mineral uptake (Mederski et al., 1973), and nitrogen fixation 
(Sprent, 1971; Finn and Brun, 1980). Kramer (1974) has sug­
gested that current research on plant water relations should 
consider that many of those processes are affected simultane­
ously by water stress and that the effects of water stress 
vary with the stage of plant development. 
One of the first consequences of water stress is the 
cessation of leaf enlargement (Slatyer, 1955; Boyer, 1976). 
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Several studies (Boyer, 1970a; Bunce, 1977; Wenkert et al., 
1978; Sivakumar and Shaw, 1978a) have shown that leaf enlarge­
ment is very dependent upon turgor pressure. For instance, 
Boyer (1970a) detected that leaf enlargement in soybeans de­
clined sharply when the leaf water potential dropped to -0.4 
MPa, whereas photosynthesis remained unaffected until leaf 
water potential fell to -1.1 MPa. 
Boyer (1976) pointed out that the reduction in photosyn­
thesis caused by severe drought stress in higher plants is 
due, not only to the reduction in leaf surface or stomatal 
closure, but also to the inhibition of the activity of the 
chloroplasts. Early studies conducted by Nir and Poljakoff 
(1957) demonstrated that prolonged drought affected the 
photochemical activities of the chloroplasts of sugar beet 
leaves. 
Plant indicators of water deficit 
One of the great advances in water relations research 
has been the improvement in methods of measuring stomatal 
resistance and leaf water potential (Kramer, 1974). Two major 
contributions were the development of the diffusion porometer 
(Kanemasu, 1969), with which the diffusion resistance to water 
of leaves can be measured, and the pressure chamber (Scholander 
et al., 1965), which is used to estimate the water potential 
of plant organs. 
15 
Sivakumar and Shaw (1978b) concluded that leaf water 
potential and stomatal conductance, as well as the rate of 
leaf area expansion, in soybeans are closely related to changes 
in soil water potential, and therefore, could be used to ex­
plain soybean water stress effects in the field. Clark and 
Hiler (1973) observed that the leaf water potential was more 
responsive than the leaf resistance or leaf-air temperature 
differential in estimating plant water status. They suggested 
that leaf resistance should not be used alone as a water 
deficit indicator because stomatal closure occurs suddenly at 
a given value of leaf water potential. Brady et al., (1974, 
1975) found a close relationship between soil water potential 
and soybean leaf water potential and also with leaf diffusion 
resistance, and concluded that both plant indicators can be 
used to schedule irrigation in this crop. 
Relation of leaf water potential and leaf resistance 
Most of the studies on internal water relations of soy­
bean leaves indicate that leaf diffusive conductance begins 
to decline when leaf water potential drops to a specific level. 
For instance, Carlson et al. (1979) found that stomata started 
to close when leaf water potential dropped to -1.3 or -1.4 MPa. 
Turner et al. (1978) reported the beginning of stomatal clo­
sure and a reduction in the rate of photosynthesis at leaf 
water potentials below -1.5 MPa, in two soybean cultivars. 
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Sivakumar and Shaw (1979), studying stomatal conductance 
and the leaf water potential of soybeans under moisture stress 
in Western Iowa, found that both parameters were influenced by 
time of day and canopy depth. Leaves in the upper canopy 
had greater stomatal conductance and slightly greater leaf 
water potential than lower leaves. The more severely stressed 
plants kept their stomata opened only for 2 hours in the 
morning; they were partly closed after midday and completely 
closed after 1400 h. Leaf water potentials for the upper 
layer of the canopy of the nonstressed plants were, on some 
days, approximately 0.3 MPa greater than the values obtained 
for the stressed plants,, 
Jung and Scott (1980) also found that, with nonirrigated 
soybean plants, leaf water potential decreased earlier in the 
morning and recovered later in the afternoon than for irri­
gated plants. The stomata of nonirrigated plants began to 
close earlier in the afternoon than did stomata of the irri­
gated plants. These authors reported that there were maximum 
differences in leaf water potential, leaf resistance and leaf 
temperature between these groups of plants of -0.4 MPa, 6 
s/cm and 5.5 C, respectively. 
Osmotic ad justment 
Ludlow (1980) and Turner and Jones (1980) have summarized 
some of the evidence available on osmotic adjustment in dif­
ferent species, including soybean seedlings. In his 
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discussion, Ludlow (1980) mentions that, in pasture grasses, 
the stomata adjust osmotically in response to water deficit 
and remain partly opened. Consequently, water loss continues 
and leaf water potential decreases to values as low as -12 
MPa in some cases. On the other hand, species with low de­
hydration tolerance, such as legume crops, would show stomatal 
closure at relatively high leaf water potential values. This 
"dehydration avoidance strategy" reduces water losses, but 
inhibits growth and photosynthesis. 
Evidence regarding osmotic adjustment of soybean plants 
is not abundant. There is some evidence, however, which sug­
gests that soybeans do not adjust osmotically under condi­
tions of water stress (Sionit and Kramer, 1977). Wenkert et 
al. (1978) have found that, in some cases under moderate day­
time water deficits (-0.8 to -1.2 MPa), soybean leaves can 
adapt to the extent that turgor pressure can remain as high 
as 0.2 MPa, and thus not be limiting to growth. 
Adaxial and abaxial diffusive resistance 
Several investigations have shown great differences in 
diffusive resistance behavior between surfaces of soybean 
leaves. Brady et al. (1975), Sionit and Kramer (1976) and 
Meyer and Walker (1981) have reported consistently higher 
stomatal resistance values for the upper than for the lower 
leaf surface of soybean leaves. Meyer and Walker (1981) 
attributed this phenomenon to the difference in stomatal 
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densities between both surfaces, as found in a previous in­
vestigation by Teare and Kanemasu (1972). 
Meyer and Walker (1981) observed that the terminal leaf­
lets from the top of the plant and the lateral parts of the 
canopy inverted their normal position at leaf water potential 
values between -1.4 and -1.7 MPa. In this way, the abaxial 
surface, having a greater diffusive conductance but also a 
greater reflectance of solar radiation, was exposed to the 
sky, thus reducing the risk of dehydration and favoring CO2 
intake. 
Water stress at different stages of plant development 
Seed yield in soybeans is severely affected under condi­
tions of prolonged moisture deficit (Runge and Odell, 1960; 
Thompson, 1970; Sammons et al., 1981). However, differential 
plant response can be expected, depending upon the stage of 
plant development during which water stress occurs. It has 
been generally accepted that the preflowering stage is most 
tolerant to water deficit, whereas at anthesis and pod fill­
ing, great reductions in yield can be expected if a water 
stress develops (Slatyer, 1966; Shaw and Laing, 1965; Meder-
ski et al., 197 3). 
Momen et al. (1979) studied the effect of moisture stress 
periods imposed at different times during the reproductive 
development of two indeterminate soybean cultivars. Moisture 
stress imposed during early reproduction was more detrimental 
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to seed yield than stress imposed after seed setting. 
On the other hand, Sionit and Kramer (1977), studying 
the effect of water stress on seed yield of two soybean cul-
tivars, found that reduction in yield was greater when the 
stress was imposed during early podding and during pod 
filling. When the stress was imposed during early pod forma­
tion, the reduction in yield was a result of reductions in 
the number of pods and seeds per pod. On the other hand, the 
stress treatment during pod filling caused pod abortion and a 
reduction in seed weight. In agreement with these results. 
Constable and Hearn (1978) observed that water shortage 
during pod filling caused early leaf death, the cessation of 
pod filling and a reduction in seed yield of 36%, as compared 
to irrigated plots. 
Doss et al. (1974) reported that the greatest reduction 
in yield of the determinate cultivar 'Bragg* resulted from a 
combination of water stress during vegetative growth and late 
pod filling (R7). The next greatest reduction in yield 
occurred when the stress treatment was imposed for 10 days 
during full bloom (R2), full seed (R6) and physiological 
maturity (R7). 
There is some evidence in the recent literature, however, 
which indicates that determinate genotypes adapted to North 
Central U.S. are more affected than are indeterminates by 
early moisture stress (Cooper, 1981; Stuekerjuergen, 1982). 
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Oil and protein The effects of water stress on seed 
protein and oil concentration are not clear. Sionit and 
Kramer (1977) reported that, regardless of the stage of 
development at which the water stress was imposed, protein 
and oil concentrations of the seed were not affected. On the 
other hand, Laing (1965) found that water stress imposed 
during flowering caused a reduction in protein percentage. 
In contrast to the effects of water stress on seed protein, 
oil concentration percentage was highest when the stress vas 
imposed during flowering, but lower when the stress was 
applied during pod filling. 
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PART I. RESPONSE OF DETERMINATE AND INDETERMINATE 
TROPICAL SOYBEANS TO WATER STRESS 
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INTRODUCTION 
In most tropical areas, rainfall distribution patterns 
are typically characterized by alternate periods of drought 
and heavy rains. Therefore, the occu rence of stress due to 
excess or shortage of water is common (Elston and Bunting, 
1980). In some areas, such as Nigeria and Costa Rica, where 
rainfall shows a bimodal distribution, drought can occur 
during any stage of plant development (Wien et al., 1979; 
Vives, 1973). 
It is Known that water stress during soybean reproduc­
tion causes abscission of flowers and young pods (Shibles et 
al., 1975). However, differential plant response can be ex­
pected, depending upon the stage of plant development during 
which the water stress occurs. Generally, it has been ac­
cepted that the preflowering stage is most tolerant to water 
deficit, whereas at anthesis and pod filling, great reductions 
in yield are usually found, depending on the severity and the 
duration of the stress (Shaw and Laing, 1966; Doss et al., 
1974; Momen et al., 1979; Snyder et al., 1982; Constable and 
Hearn, 1978). 
Wien et al. (1979) have reported seed yield reductions 
varying from 9 to 37% in three soybean lines subjected to a 
water stress for two weeks during early flowering under field 
conditions in Nigeria. Sionit and Kramer (1977) have found 
yield reductions of 25 to 53% in response to water stress 
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treatments imposed at different stages of reproductive de­
velopment of two determinate soybean cultivars grown in 25-cm 
pots on 9-h photoperiods. 
On the other hand. Cooper (1981), working with several 
determinate soybean lines and cultivars adapted to North 
Central U.S., reported that these genotypes were more affected 
than indeterminates by early season moisture stress. Stueker-
juergen (1982) also found that a determinate cultivar had a 
yield increase of 38% as a result of supplemental irrigation 
during the early reproduction in Iowa. The indeterminate 
cultivar had the greatest response in terms of plant height 
and node number. 
Mederski et al. (197 3) and Snyder et al. (1982) have 
found that early maturity cultivars were more severely af­
fected by water stress than those late in maturity. This 
aspect deserves special attention in relation to water stress 
effects on soybeans grown under short-day conditions, where 
early maturity of introduced germplasm is very likely to 
occur due to the strength of the photoperiodic induction 
(Hartwig, 1970). 
Although water stress is a major problem in soybean pro­
duction in tropical areas, little or no attention has been 
given to the selection of genotypes that would better with­
stand water stress. Elston and Bunting (1980) have pointed 
out that an indeterminate growth habit in a tropical legume 
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would be advantageous to recovery from water stress (excess 
or deficit). An indeterminate plant, as opposed to a deter­
minate one, would have the potential to continue growing and 
producing new pods after the termination of a water deficit 
period, thus meliorating the seed yield reduction (Shaw and 
Laing, 1965; Elston and Bunting, 1980). 
The objective of this investigation was to study the re­
sponse of two determinate and two indeterminate tropical soy­
bean cultivars, introduced into and cultured in Costa Rica, 
to water stress periods imposed at different stages of plant 
development. Leaf water conductance and leaf water potential 
data were collected to document the strength of the stress 
treatments and to investigate whether any meaningful physio­
logical relationship could be found between these parameters. 
Both water stress indicators have been very useful in inter­
preting actual plant water status in several investigations 
(Sivakumar and Shaw, 1978b; Brady et al., 1975; Snyder et al., 
1983) . 
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MATERIALS AND METHODS 
Experiment 1 
This experiment was conducted at the Fabio Baudrit Ex­
periment Station of the University of Costa Rica two months 
after the dry season had started, February through May, 1982. 
The Experiment Station is located in Alajuela province, at 
10° 01' N, 80°, 16' W, and at an elevation of 840 m. 
Prevailing climatic conditions during the period in which 
the experiment was conducted are shown in Appendix Fig. Al. 
No rainfall occurred during the period in which the water 
stress treatments were imposed. 
The soil (0-30 cm) is a sandy loam, a Typic Ustropept 
with angular structure, a deep water table during the dry sea­
son, and a water holding capacity of 25 and 18% at -0.03 and 
-1.5 MPa, respectively (Appendix Table Al). A physical analy­
sis of a composite of several soil samples (50 to 70 cm) in­
dicated that the proportion of sand was 39% and the proportion 
of clay 33%, and the water holding capacity was 33 and 25% at 
-0.03 and -1.5 MPa, respectively. 
The field was plowed to 25 cm and cultivated three times 
one week before sowing, and then graded. Ridges approximately 
8 cm deep, 50 cm apart, and with a slope of approximately 
0.75% were made by tractor. 
Three days before sowing, the ridges were carefully 
27 
opened at the middle with a hoe and commercial 10-30-10 NPK 
fertilizer at a rate of 184 kg/ha was applied. The fertilizer 
was slightly covered with soil to avoid direct contact with 
the seed. 
At planting, 1 February, seeds from all cultivars were 
inoculated with Rhizobium in a slurry preparation with the 
addition of sucrose and sown by hand immediately thereafter. 
Sprinkler irrigations of approximately 1.8, 1.3, and 1.5 cm 
were applied immediately after sowing and 2 and 4 days after, 
to provide enough moisture for germination. Emergence oc­
curred in 4 to 6 days, and stands were thinned to 12 plants 
per meter of row length (240,000 plants/ha), at the V2 stage 
of plant development. A mixture of DNBP 2 kg a.i./ha and 
pendimethalin 0.75 kg a.i./ha was applied 2 days after sowing 
as a preemergence weed control. 
Four cultivars were used: 'UFV-l' and 'Jupiter', with 
determinate stem termination, and 'Improved Pelican' and 
'Nanda', with indeterminate stem termination. The last three 
cultivars have been commonly grown in Costa Rica and other 
Central American countries. UFV-l was introduced from Brazil 
in 1979. Improved Pelican and UFV-l mature approximately 100 
days after sowing and have similar plant development. Nanda 
and Jupiter mature 1^ to 2 weeks later than the former two 
and show a similar ontogenic pattern. 
The experiment was arranged in a split-plot design with 
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three replications. Cultivars represented the main plots and 
water stress treatments the subplots. Subplots consisted of 
five furrows 8 m long. Distances of 2 m between replications 
and between subplots were left unsown. Irrigation ditches of 
30-cm depth and 40-cm width were made at the end of every 
replication to remove the surplus water from the experimental 
area. 
Four water stress treatments were imposed as follows; 
I. Control treatment. Soil tension kept above 
-0.07 MPa during the whole plant cycle. 
51. Water withheld for 15 days before the R1 stage 
of development. The number of days to first 
flower for all four cultivars was estimated 
from previous studies on the performance of 
these genotypes at the same experiment station. 
52. Water withheld for 15 days; beginning when 
plants were at the R2 stage of development. 
53. Water withheld for 15 days; beginning when 
plants were at the R3 stage of development. 
Stages of plant development are identified by the system of 
Fehr and Caviness (1977). Water stress treatments were applied 
simultaneously to the two earlier (UFV-1 and Improved Pelican) 
and to the two later (Nanda and Jupiter) cultivars, even though 
there were differences of 2 to 3 days in the onset of some 
stages of plant development between cultivars of the same pair 
(Appendix Table A2). 
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Five tensiometers installed at 20 cm depth, in the 
central row of well-watered subplots, were used to schedule 
irrigation. Irrigation water was applied whenever soil ten­
sion was approximately -0.07 MPa. Tensiometers, which even­
tually ceased to function due to breaking of the water column, 
were refilled after each irrigation event. Irrigation water 
was applied for 2 hours every time, except that at the initia­
tion of every drydown stress treatment it was applied for 20 
minutes only. 
Water was pumped from a nearby source through aluminum 
pipes to the experimental area. Polyethylene pipes of 22.5 
cm diameter, with controllable gates of 5 cm diameter, were 
connected to the metallic pipes and distributed along the 
replications and over a leveled slope. Water output of a 
single gate (approximately 114 liters/min) was used to irri­
gate each subplot. 
Variables were evaluated on the three central rows from 
every subplot, except that plants from 0.5 m on each end were 
not used. Two meter sections, selected at random from one end 
of the subplot, were used to take three random plant samples 
to estimate leaf area index (LAI). The remaining 5 m were 
harvested for yield and yield components. Samples to evaluate 
LAI were taken at random using a wood frame 0.5 m (0.333 m 
width). Eight to ten representative leaflets, without the 
petioles, were selected at random and drawn on grid paper to 
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measure their area. Leaflets from subsamples and whole 
samples were placed in separate paper bags and dried for 48 h 
at 60 C in a forced-air oven, then weighed immediately. By-
use of the leaf areas leaf weight relationship of the sub-
samples, the leaf area of whole samples was estimated from 
their total dry weight (Kvet and Marshall, 1971). Samples of 
leaf area were taken from each subplot at the R2, R5, and R6 
stages of plant development. Leaf area duration (LAD) was 
estimated by integration of LAI over time, using the trapezoid 
area measurement procedure of Kvet et al. (1971). 
Yield components (number of nodes per area, number of 
pods per node, number of seeds per pod, and the weight of 100 
seeds at 13% moisture) were evaluated at harvest. For this 
2 purpose, a sample of mature plants was taken with the 0.5 m 
frame from the center of the 5 meters of the plot assigned 
to evaluate yield. 
Leaf water potential and leaf resistance measurements 
were collected from well-watered and stressed subplots every 
other day, beginning three days after each drydown stress 
treatment was initiated. Leaf water stress readings were 
taken with a pressure chamber. Model PMS-500, at sunrise and 
at full sunlight (1200 to 1330 h). Leaf resistance to water 
diffusion readings were taken with a LiCor, LI-700 transient 
porometer between 1200 and 1330 h only. Both water stress 
indicators were taken from terminal leaflets of the third and 
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the fourth uppermost fully expanded leaves of determinate and 
indeterminate cultivars, respectively. Leaf conductance 
values were calculated using the following formula: 
where; 
C = total leaf water vapor conductance 
r^ = adaxial resistance 
and 
^2 - abaxial resistance. 
Crude oil and protein concentrations of the seed were 
determined by the ether extract and the micro-Kjeldahl proce­
dures, respectively (AACC, 1976). 
Experiment 2 
This experiment was conducted under glasshouse conditions, 
from August through November, 1982. The glasshouse is located 
at the University of Costa Rica campus at 09° 57' N, 87° 03' 
W and an elevation of 1200 m. 
Temperature and relative humidity in the glasshouse were 
recorded with a Bendix 594 hygrothermograph. Average day and 
night temperatures ranged from 23.5 to 25.0 C and from 15.5 
to 17.5 C, respectively, and the relative humidity ranged 
2 from 67 to 74%. Average daily insolation was 174 MW/m . 
Soil (0-30 cm) collected around the experimental area in 
Experiment 1 (Appendix Table Al) was thoroughly mixed with 
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15% rice husk (v/v) and used to fill plastic pots of 11.6 
liter capacity and 22.5 cm diameter. Seeds of cultivars 
Jupiter and Nanda, determinate and indeterminate cultivars, 
respectively, were inoculated with Rhizobium sown at a depth 
of 5 cm and then thinned to 1 plant per pot one week later. 
Commercial 10-30-10 NPK fertilizer was placed underneath the 
seeds before sowing at a rate of approximately 8 g per pot. 
Seventy-five pots with individual plants of each cultivar 
were selected out of 150 pots for uniformity of stand and 
arranged in a completely randomized design with three repli­
cations and five water stress treatments. Each experimental 
unit consisted of five single-plant pots. Pots were placed 
on a table at a distance of 30 cm between plants within the 
experimental unit and 40 cm apart from plants from other 
experimental units. 
Three tensiometers installed in well-watered control 
pots were used to schedule irrigation. Pots were irrigated 
to field capacity whenever the average reading of the tensi­
ometers was approximately -0.03 MPa. Each irrigation consis­
ted of 500 ml of water, which were enough to saturate the 
soil without causing leaching or flooding. 
Plants were subjected to water stress by withholding 
water for 10 days, beginning at one of the following stages 
of growth; 
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I. Control. Soil tension maintained above -0.03 MPa. 
51. Vegetative. Starting 1 week before the R1 stage 
of development. 
52. Full bloom (R2). 
53. Full pod (R4). 
54. Full seed (R6). 
Leaf water potential and leaf resistance measurements 
were taken from irrigated and stressed plants every other day, 
beginning 3 days after the initiation of each drydown stress 
treatment. For this purpose, leaflets of the third and the 
fourth uppermost fully expanded leaves of the determinate and 
the indeterminate cultivars, respectively, were used. Leaf 
conductance values were obtained using the same formula speci­
fied for the field experiment. 
Yield, yield components (number of nodes per plant, 
number of pods per node, number of seeds per pod and the 100-
seed weight), plant height and the stages of plant development 
were recorded. 
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RESULTS 
Leaf water vapor conductance and Y measurements were taken 
to document stress treatments. Nevertheless, an analysis of 
variance was performed for each stress period, using days of 
measurement as blocks in order to test cultivar responses. 
However, no consistent differences in leaf conductance and 
predawn and midday Y were found among cultivars. Hence, in 
the subsequent discussion, cultivar means are plotted for 
different days after withholding water to illustrate changes 
in plant water status and in the activity of the stomata. 
Leaf Water Potential 
Fig. 1 illustrates changes in predawn and midday Y in 
response to water stress treatments in the field. During the 
first week after the initiation of each drydown treatment, 
stressed (S) plants were able to recover overnight from daily 
transpiration losses, so that there were no differences in 
predawn T between them and the irrigated (I) controls. 
Thereafter, differences in predawn W ranging from -0.1 to 
-0.2 MPa were observed between groups. 
Differences in midday W between the I and the S soybeans 
were first detectable five to six days from last irrigation 
and gradually increased to values of -0.4 to -0.6 MPa two 
weeks after water was withheld. Data in Fig. 1 suggest that 
was the least severe treatment, since predawn and midday 
0 
0.2 
r. 0.4 
0.6 
CO 
1.4 
1.6 
PREDAWN 
8 ^ Q. AaO O^AO Bg 
^ •* • Ç • A. m 
w 0.8 
3- 1.0 
S 1.2 
MIDDAY 
^ ^ ^ CD^ 
Q»= Preflowering (S,) 
iQâ= Flowering ($2) 
•1= Beginning pod (S3) 
• > f 
3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Oays after water withheld 
CO (ji 
Fig. 1. Mean values of predawn and midday Y for well-watered (open symbols) and 
stressed (closed symbols) soybeans averaged over all four cultivars for 
three stages of plant development; arrow indicates time of rewatering; 
standard errors for predawn W for the control, S^, S2 and S3 treatments 
were 0.011, 0,011, 0.011, and 0.014; for midday they were 0.020, 0.034, 
0.055, and 0.063 (field) 
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m of plants receiving this treatment did not drop as much as 
did Y of plants receiving the other two water stress treat­
ments (S2,S3). Sionit and Kramer (1977) have also observed 
that plants stressed during late reproductive stages reached 
lower values of Y sooner than did those stressed early. 
One point of interest is that rewatering did not bring 
the midday Y of S plants to the level of I plants within one 
day after its application; differences of -0.1 to -0.2 MPa 
still were found between the two groups of plants (Fig. 1). 
Plant water stress occurred more abruptly in the glass­
house than in the field (Fig. 2). Differences in predawn Y 
between I and S plants in the glasshouse were of greater mag­
nitude than were those detected under field conditions. How­
ever, differences in midday Y between groups in the glasshouse 
were comparable to those found in the field (Fig. 2). 
Leaf Water Vapor Conductance 
There was a differential response in adaxial and 
abaxial conductance of leaves of S soybean plants in the 
field (Fig. 3). Response of glasshouse plants was relatively 
the same, though conductances were lower in glasshouse plants 
(Appendix Fig. 2). Under both experimental conditions, the 
adaxial conductance of the S plants decreased gradually to 
values close to zero, indicating that the stomata of this 
surface of the leaf were essentially closed. Abaxial 
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Fig. 3. Mean values for abaxial and adaxial midday conductance, averaged over 
all cultivars and water stress treatments; arrow indicates time of 
rewateringj standard errors for abaxial and adaxial conductance were 
0.041 and 0.016, respectively (field) 
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conductance, however, did not decline as rapidly, and showed 
conductances several times greater than those of the adaxial 
surface of the leaf. These data indicate that when conditions 
of water stress became severe, total leaf conductance, which 
averaged about -0.22 cm/s from day 10 in the field and about 
-0.14 cm/s from day 7 in the glasshouse (Appendix Fig. A3 and 
A4), was primarily due to the conductivity of the abaxial 
surface. Conductance values from the abaxial surface of 
leaves from well-watered control plants in the field (Appen­
dix Fig. A5) or those at the initiation of the drydown stress 
treatments (Fig. 3) were 1.5- to 2-fold greater than those of 
the adaxial surface. 
Fig. 4 shows the relationship between leaf Y and total 
leaf conductance in the field and in the glasshouse. At 
corresponding values of Y, total conductance values in the 
field were greater than those in the glasshouse, implying a 
possible interaction of environmental factors with the physio­
logical activity of the stomata, i.e., irradiance (Denmead and 
Millar, 1976), or that there were fewer or smaller stomata on 
leaf surfaces of glasshouse-grown plants. Field data showed 
a more gradual initial decrement in total conductance con­
comitant with the decrease in Y, but the greatest drop in 
conductance under both experimental conditions occurred at 
Y of approximately the same magnitude (-0.130 to -0.135 MPa) 
(Fig. 4). These values of Y occurred approximately one week 
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after last irrigation in the field (Fig. 1). 
Agronomic Response 
Field experiment 
Plant development The treatment caused the great­
est reduction in plant height of determinate genotypes com­
pared to their indeterminate counterparts (Table 1). Inde­
terminate types could recover in growth from this treatment, 
but their ability to recover in growth after water stress was 
gradually reduced as the plants aged. Consequently, plant 
height of indeterminates was more drastically reduced than 
that of determinates in response to the treatment (a=0.01). 
By S^, determinates had made nearly full growth. 
This differential response in plant height to water stress 
is possibly associated with the coincidence of water stress 
with the period of greater dry matter accumulation in both 
types. Determinates accumulate most of their dry matter dur­
ing vegetative development, whereas indeterminates accumulate 
the largest amounts of dry matter during flowering and pod 
set (Egli and Legget, 1973). 
An interesting observation is that the reproductive period 
was reduced by 2 and 3 days in the indeterminate cultivars. 
Improved Pelican and Nanda, respectively, in response to the 
S2 treatment. 
Table 1. Yield, yield components and other variables for four soybean cultivars subjected to 
water stress at different stages of plant growth in the field 
Yield components 
Cultivar 
Stress 
trt. 
Yield 
kg/ha 
Nodes/ Pods/ 
m^ node 
Seeds/ 
pod 
100-
seed 
weight 
Plant 
height 
(cm) 
LAI 
(R6) LAD 
Days 
to 
maturity 
% 
oil 
% 
proteii 
UFV-1 I 2560 410 2.0 1.9 19.2 33 1.7 52 104 19.7 37.0 
(dt^) SI 1840 340 1.6 2.1 18.8 25 1.2 36 104 20.7 36.5 
S2 1770 340 1.6 2.0 18.9 27 1.2 35 104 19.9 37.1 
S3 1770 330 1.4 2.0 19.0 33 1.2 40 104 20.2 36.7 
Improved I 2360 550 1.2 2.3 18.0 69 1.8 74 99 19.5 36.7 
Pelican SI 2190 560 1.1 2.3 18.0 . 66 1.7 54 99 20.1 36.7 
(Dt^) S2 2030 500 1.1 .2.3 18.1 60 1.3 46 98 20.2 35.9 
S3 1680 480 1.0 2.3 17.8 56 1.5 52 96 19.9 36.2 
Nanda I 2700 810 1.2 2.1 15.3 80 3.7 86 115 19.9 36.5 
(Dt ) SI 2630 780 1.3 2.0 15.4 77 3.2 72 115 19.7 36.6 
S2 2510 730 1.1 2.0 15.1 72 3.0 69 114 19.9 36.5 
S3 2170 730 1.1 1.9 15.0 68 2.7 68 112 19.8 36.6 
Jupiter I 3080 530 1.7 2.4 19.5 67 3.1 69 110 21.2 35.3 
(dt ) SI 2560 510 1.4 2.4 19.3 58 2.3 58 110 21.2 35.5 
S2 2490 490 1.2 2.2 19.5 60 2.2 56 110 20.6 35.7 
S3 2300 460 1.2 2.4 19.4 61 2.1 55 110 20.7 35.1 
Source of ' variation 
Stress ** ** ** - - ** ** ** ** - -
Cultivar X stress ** - * - - ** - - ** - -
Type X stress ** ** ** ** 
*(a<0.05), **(a<0.01). Blanks indicate a nonsignificant effect. 
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Yield and yield components Field seed yield of the 
determinate types was more severely affected by water stress, 
especially at and 82» than was that of the indeterminate 
types (Fig. 5). The early indeterminate. Improved Pelican, 
however, showed no advantage over the early determinate, 
UFV-1, in recovery from the treatment. 
The differential response in seed yield of all stem 
termination types to water stress is explained better by the 
number of pods per node than by any other yield component 
(Table 1). The number of nodes per plant was significantly re­
duced by water stress, but no stem type x water stress inter­
action was detected for this yield component. Number of seeds 
per pod and the 100-seed weight were not affected by water 
stress. 
Leaf area Leaf area index (LAI) at the stage of 
development and the after-flowering green-leaf-area duration 
(LAD) were significantly reduced by water stress in all culti-
vars (Table 1). A similar reduction in LAI and LAD occurred 
irrespective of stage of plant development; there were no 
differences in LAI or LAD in response to individual water 
stress treatments. Although LAI and LAD were associated with 
yield, as indicated by their partial correlations with yield 
(0,54** and 0.57**), holding cultivar effects constant, the 
interaction of stem termination type x water stress was not 
statistically significant for either parameter, as it was 
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Fig. 5. Seed yield of four soybean cultivars in response to 
water stress treatments, expressed as a percentage 
of the control treatment 
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for yield (Table 1). This implies that the amount of the 
assimilating surface, as well as its duration, was not the 
main cause for the differential response in seed yield between 
plant types. 
Glasshouse experiment 
Plant development and yield Environmental conditions 
in the glasshouse caused earliness and plant elongation of 
both cultivars (Appendix Table A2). Conditions in the glass­
house also induced determinateness of Nanda, as indicated by 
its reduction in flowering period and decrement in number of 
main stem nodes, as compared to the expression of both charac­
teristics in the field (Appendix Table A2). This was probably 
the main reason for the similarity of both cultivars in plant 
height and in yield response to water stress in the glasshouse 
(Table 2), The indeterminate cultivar, Nanda, seemed to have 
a somewhat greater ability than the determinate, Jupiter, to 
recover from water stress imposed during vegetative develop­
ment (S^), but not from the stress treatments imposed during 
reproduction. The treatment shortened the reproductive 
period by two days in both genotypes. 
In agreement with the field experiment, the yield compo­
nent most responsive to water stress was number of pods per 
node. The weight of 100 seeds became important in response 
to water stress during full seed (R^), as reported in previous 
investigations (Sionit and Kramer, 1977). It was observed 
Table 2. Yield, yield components, and other variables of Jupiter and Nanda soybeans exposed 
to water stress at different stages of plant development under glasshouse conditions 
Yield components 
Plant Days 
Stress Yield Nodes/ Pods/ Seeds/ 100-seed height to % % 
Cultivar trt. g/plant plant node pod weight (cm) maturity oil proteir 
Jupiter I 16.2 25.1 1.6 2.1 19.1 101 98 20.5 36.6 
(dt ) SI 13.3 22.8 1.4 2.2 19.2 90 98 20,6 37.1 
S2 12.9 25.1 1.3 2.1 19.1 98 98 20.5 36.3 
S3 11.8 25.3 1.2 2.0 19.1 101 98 21.4 35.9 
S4 13.3 25.6 1.3 2.1 18.0 102 96 20.3 37.3 
Nanda I 14.1 32.9 1.4 2.0 15.3 98 100 19.3 36.9 
(Dt ) SI 13.4 30.3 1.4 2.0 15.3 92 100 19.8 35.8 
S2 11.8 30.7 1.2 2.0 15.2 83 100 19.9 35.8 
S3 10.5 31.0 1.1 1.9 15.1 77 100 20.3 35.5 
S4 11.6 33.0 1.3 2.0 13.1 96 98 19.6 38.0 
Source of 
variation 
Stress treatment ** ** ** - ** ** ** ** ** 
Stress X i cultivar - - - — ** ** - - * 
**(a<0.01), *(a<0.05). Blanks indicate a nonsignificant effect. 
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that many pods turned yellow and were not able to complete 
the process of seed filling after termination of the treat­
ment. This was more evident in pods on the terminal nodes of 
branches and the main stem of the indeterminate cultivar, 
which makes it the most likely cause for Nanda's greater re­
duction in seed weight (a=O.Ol) (Table 2). 
Oil and protein These investigations did not show 
any consistent effect of water stress on the oil and protein 
contents of the seed. In the field experiment, protein and 
oil were not influenced by water stress (Table 1), probably 
because all stresses were terminated before rapid seed filling. 
In the glasshouse experiment, however, the seeds from plants 
stressed during rapid seed growth (R^) had significantly 
greater protein and less oil than seeds from plants stressed 
during podding (R4). The increment in protein concentration 
was significantly higher in Nanda than in Jupiter (a=0.01), 
but this interaction was not detected for oil (Table 2). 
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DISCUSSION 
Plant Water Relations 
In general, the results on plant water relations obtained 
in this investigation; namely, the sensitivity of leaf water 
potential and leaf conductance to soil water depletion, the 
response of these two water stress indicators to rewatering, 
as well as their close interrelationship, are in agreement 
with previous reports (Hsiao, 1975; Brady et al., 1975; 
Sionit and Kramer, 1977; Carlson et al., 1979; Wien et al., 
1979; Snyder et al., 1983). 
The idea of using sunrise ^ as an indicator of water 
stress of soybeans was suggested by Boyer (1972); however, 
experimental data on predawn ^ are relatively scarce. It is 
conceivable that, due to longer nights and perhaps to higher 
temperatures, a field-grown plant under water stress in the 
tropics would have a better chance to recover from plant 
water deficit during the night than a stressed plant grown in 
a more temperate region. Nevertheless, differences in pre­
dawn W of -0.1 to -0.2 MPa were detected between control 
plants and those from S2 and S^ plots after one week of with­
holding water, confirming the validity of this measurement as 
a water stress indicator. 
The fact that under conditions of water stress, abaxial 
conductance declined more rapidly than did adaxial conductance 
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is an interesting feature of the soybean plant response to 
water deficit. Differential conductivity between soybean leaf 
surfaces under water stress, although not as great as that 
found in this investigation, has been reported previously 
(Brady et al., 1975; Davies, 1977; Meyer and Walker, 1981). 
Meyer and Walker attributed the difference in conductance to 
the greater stomatal frequency on the abaxial surface. The 
fact that the difference in water vapor conductivity between 
leaf surfaces under well-watered conditions was much smaller 
than it was under water stress, plus the fact that under 
stress adaxial stomata essentially close completely, implies 
that abaxial stomata adapt better to water stress than do 
adaxial stomata. 
Despite large morphological differences between stem 
termination types and even within the determinate cultivars, 
no cultivar differences in leaf conductance and T were de­
tected. It is possible that more samples of both parameters 
from plants grown under more controlled environments would be 
required, given that, if present, differences, particularly 
in Y, may be small (Boyer et al., 1980). Variability in leaf 
conductance, particularly in I plants, was relatively high. 
Meyer and Walker (1981) have reported similar observations 
and attributed them to short-term variations in radiation. 
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Agronomie Response 
Water stress during vegetative development was detri­
mental to plant growth and seed yield of the determinate but 
not of the indeterminate types. This finding is supported by 
recent reports on genotypes adapted to the U.S. Midwest 
(Cooper, 1981). On the other hand, water stress before 
flowering is seldom a serious problem in the determinate types 
grown in southern U.S. (Ashley and Ethridge, 1978). Perhaps 
these inconsistencies are due to the greater vegetative de­
velopment of the determinate types grown in southern U.S. 
The greater susceptibility to water stress of the field-grown 
determinate cultivars used in this investigation is better 
understood if their relative shortness and fewer main stem 
nodes, compared to southern U.S. determinates, is taken in 
consideration. In fact, our plants were even smaller than 
determinate types adapted to North Central U.S. (see Hartung 
et al., 1981). UFV-1 and Jupiter have been introduced from 
more temperate latitudes and their relatively small vegeta­
tive development in Costa Rica probably is a consequence of 
strong photoinduction caused by the short daylengths of the 
tropics (Hartwig, 1970). Although our indeterminates did not 
show the "degree of indeterminateness", as indicated by number 
of main stem nodes, that indeterminates grown in northern lati­
tudes do, they were able to continue the simultaneous produc­
tion of nodes, flowers and pods after the initiation of flower­
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ing, •which was the key to their yield recovery from moisture 
stress. 
Early cultivars of both stem termination types were more 
affected by water stress than were the late maturity ones. 
Supporting evidence for this observation has been published 
by Mederski et al. (1973) and more recently by Snyder et al., 
(1982, 1983). It can be concluded, then, that selection for 
late indeterminate types should be an important goal for local 
breeding programs in the tropics. 
A point that deserves further investigation is that LAI 
and LAD could not be used to explain variations in yield be­
tween growth types in response to water stress. Flower and 
pod abortion, and the production of new pods after 
rewatering, seemed to be more important than the amount 
and duration of assimilating surface of plants exposed to water 
stress. One factor that could have played a role in the lack 
of a close relationship between LAI and LAD with yield under 
stress conditions is that neither indeterminate cultivar is 
a recently improved genotype. Hartwig (1973) had observed 
that most soybean cultivars that make adequate growth under 
tropical conditions are indeterminate types with poor agronomic 
qualities. It may be that the photosynthetic potential of 
these types under well-watered conditions exceeded the demand 
for assimilates by the reproductive sites (luxurious growth). 
If this assumption is true, a decrease in LAI or LAD caused 
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by water stress would not have a serious impact on yield, 
as seems to have occurred. 
Glasshouse vs Field Response 
Important differences between the field and the glass­
house environments were the lower irradiance and temperature, 
as well as the root confinement, in the glasshouse experiment. 
Elongation of both plant types seems likely to be a response 
to the lower radiation in the glasshouse, but the attenuation 
of indeterminateness of Nanda may be the result of the inter­
action of different environmental factors. Inouye et al. 
(1979) reported that some indeterminate soybean lines shifted 
to the determinate growth type in response to a decrease of 
10 C in temperature. Since Nanda did not fully express its 
indeterminance, as indicated by a strong reduction in number 
of main stem nodes and flowering period, it responded similar­
ly to the determinate genotype. Perhaps its greater ability 
to recover in seed yield from preflowering stress, even in the 
glasshouse experiment, was due to its longer flowering period 
than the determinate genotype. 
Another point deserving mention is that the glasshouse 
experiment took place under decreasing photoperiods. This 
has been thought a factor of major importance in soybean pro­
duction in the tropics where soybeans can be grown year-round 
(Shanmugasundaram and Tsou, 1978), but its agronomic signifi-
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cance in terms of soybean plant development and yield has not 
been well documented. A very recent report by Cure et al. 
(1983) indicates that water stress during seed filling caused 
a greater shortening of reproductive period and a greater 
yield reduction of soybeans grown under short days than those 
exposed to long days. Their results agree with our glasshouse 
results in that regard. 
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CONCLUSIONS 
The idea that an indeterminate growth habit may be im­
portant in the adaptation of tropical legumes seems to be 
logical, and our experimental verification of the hypothesis 
should lead to new strategies in breeding soybeans for the 
tropics. Heretofore, emphasis has been placed on the intro­
duction of determinate U.S. cultivars. Our results suggest 
that the breeding of specifically adapted indeterminate cul­
tivars would be more appropriate for the tropical stress en­
vironment. However, differential response to water stress 
may not be attributed solely to reproductive strategy. Though 
we did not find any, genotypic differences within stem types 
in response to water stress have been reported recently (Boyer 
et al., 1980; Gammons et al., 1981). The remarkably different 
growth and reproductive patterns occurring between determinate 
and indeterminate types, plus their differential yield and 
yield component responses, strongly support the idea that 
reproductive strategy must be of significance in their dif­
ferential responses to water stress (Shaw and Laing, 1966j 
Elston and Bunting, 1980). 
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PART II. RESPONSE OF SOYBEAN STEM TERMINATION 
TYPES TO SUPPLEMENTAL IRRIGATION 
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INTRODUCTION 
The production of a large soybean seed yield is very 
dependent on water supply during the growing season. Studies 
conducted in the U.S. Midwest (Peters and Johnson, 1950; 
Runge and Odell, 1960; Thompson, 1970) have shown that large 
soybean yields are associated with large amounts of water 
stored in the soil and with above normal precipitation during 
July and August. In agreement with these studies, investiga­
tions of the effect of water stress on determinate and inde­
terminate soybean genotypes indicate that seed yield can be 
drastically reduced when a water stress develops during re­
production (Doss et al., 1974; Sionit and Kramer, 1977; Momen 
et al., 1979). 
Beneficial effects of supplemental irrigation on soybean 
yield have been shown to occur in different areas of the 
world (Matson, 1965; Constable and Hearn, 1978; Scott and 
Batchelor, 1979; Ashley and Ethridge, 1979). However, 
little attention has been given to the possible differential 
response of stem termination types (indeterminate, semideter­
minate, determinate) to supplemental irrigation. Stueker-
juergen (1982) studied the response of the three types to 
supplemental July and August irrigation in Iowa. He found 
that a determinate cultivar was more responsive to irrigation 
than semideterminate or indeterminate cultivars, with a yield 
increase of 38% as a result of July irrigation. The indeter-
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minate cultivar had the greatest growth response in terms of 
plant height and node number. 
Hartung et al. (1981) found that determinate and semi-
determinate genotypes have more potential for control of 
plant height and lodging than indeterminates under furrow 
irrigation. However, the large number of pods produced on 
the lower nodes of the determinate type was considered a 
disadvantage when using this planting system because it would 
increase mechanical harvest losses. 
It is worth noting that in the U.S., indeterminate types 
are predominantly grown in the north (38° to 50° N), whereas 
determinate genotypes are commonly grown in the south (25° 
to 38° N) (Shibles et al., 1975). In recent years, some 
determinate and semideterminate genotypes have been developed 
for 38° to 42° (Cooper, 1981; Chang et al., 1982). Indeter­
minate types are thought more adaptable to northern latitudes 
(Shibles, 1980). This observation is based on the fact that 
an indeterminate growth pattern integrates vegetative growth 
with the flowering and seed forming stages, thus allowing a 
more efficient use of the short cropping season prevailing 
at these latitudes. On the other hand, determinate and semi-
determinate types represent a good alternative that will re­
duce lodging, which is a major problem in these areas (Shibles 
and Green, 1959; Bernard, 1972; Green et al., 1977; Cooper, 
1981; Chang et al., 1982). Cooper (1971) has reported yield 
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reductions mounting up to 23%, in response to early lodging 
in narrow row spacings. Some of the lodging resistant deter­
minate genotypes adapted to the U.S. Midwest have outyielded 
selected indeterminate cultivars; i.e., Williams, when compared 
under "highly productive environments" (Cooper, 1981). How­
ever, there are indications that these determinate genotypes 
are more affected by early moisture stress than are indeter­
minate cultivars (Cooper, 1981; Stuekerjuergen, 1982). 
The purpose of this study was to compare the response of 
soybean lines and cultivars, representing the three stem 
termination types, to supplemental irrigation during repro­
duction. 
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MATERIALS AND METHODS 
This experiment was conducted at the Hinds Experimental 
site, 6 km north of Ames, during the summer of 1980. The 
experiment was continued in 1981, but it was only used to 
measure leaf water potential differences between irrigated 
and nonirrigated plots in July. Because of the abundant rain­
fall thereafter, stresses did not develop, so the experiment 
was not pursued through harvesting. 
Weather variables for the 1980 season are summarized in 
Appendix Table B1 and Fig. 6. 
The soil at the experimental area is a fine-silty, Mesic 
Cumulic Hapludoll. Phosphorus and potassium were applied the 
preceding fall at a rate of 30 and 370 kg/ha, respectively, 
and incorporated by use of moldboard and chisel plows. 
The following cultivars and lines were used in this in­
vestigation: indeterminates, 'Williams', 'Hardin', 'Cumber­
land' and 'Sloan'J semideterminates, A75D-34, A75D-35, 
A75D-15 and 'Will'; determinates, 'Gnome', 'Sprite', 'Hobbit' 
and H75-5605. The "A" and "H" lines are elite experimental 
lines developed by the Iowa and Illinois Agricultural Experi­
ment Stations, respectively. The others are released cultivars. 
Plant population for indeterminates and semideterminates was 
328,000 plants per hectare, but for determinates it was 
442,000 plants per hectare. 
Sprinkler irrigations of 20.3 and 38.1 mm were made at 
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planting, 12 May, and 5 d thereafter to improve germination 
and seedling emergence. 
A mixture of alachlor (2-chloro-2',6•diethyl N-(methoxy-
methyl)-acetanilide) and chloropropham (isopropyl N-m-chloro-
phenyl-carbamate) at a rate of 3.36 and 1.68 Kg/ha of active 
ingredient was incorporated before planting for weed control. 
Persistent weeds were periodically removed by machine and hand 
cultivation. 
Two applications of malathion (0,0-dimethyl s-(l,2-
dicarbethoxy-ethyl) phosphorodithioate) at a rate of 0.56 
kg/ha of active ingredient on 20 July and 8 August, and an 
application of carbaryl (1-nathyl N-methylcarbamate) at a rate 
of 0,71 kg/ha active ingredient on 28 July were made to con­
trol insects. 
All genotypes were arranged in a split-plot, completely 
randomized design with four replications. Irrigation treat­
ments (irrigated vs natural rainfed) represented the main 
plots and cultivars were the subplots. Each subplot consisted 
of five machine planted rows, each 5 m long and 0.35 m apart. 
The three central rows, eliminating 0.25 m from each end of 
the plot, were used to evaluate yield and yield components. 
Distances between subplots and between main plots were 1.0 
and 0.7 m, respectively. 
Supplemental irrigation began 24 July when more than 50% 
of the genotypes were at the R3 stage of plant development. 
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according to the classification system of Fehr and Caviness 
(1977). Tensiometers installed at a depth of 30 and 45 cm 
were used to check soil water status. Irrigation water was 
applied every time that soil water tension at 30 cm depth 
reached -0.04 MPa. The amounts of water applied were 55,9, 
39.7, and 28.7 mm, on 24 July, 1 August and 26 August, 
respectively. 
Water was distributed in the irrigated plots using per­
forated, trickle-irrigation, plastic "tapes" which were 
connected to plastic lead pipe in which the water pressure 
was regulated. The estimated average output of water per 
individual hole spaced at 30 cm on the tape was 900 ml/h. 
Two plastic tapes distributed along the central row spaces 
of the irrigated plots were adequate to wet the five rows 
without causing flooding. Calgon^ , at a concentration of 
5.48 g/1, was metered into the irrigation water at a rate of 
0,25 ml/1, in order to defloculate ferric iron and reduce the 
risk of obstruction of the holes in the plastic tapes. 
Leaf water potential measurements were taken using the 
pressure chamber technique, at sunrise and at midday, from 
irrigated and nonirrigated plots of four selected genotypes, 
Hardin and Williams, indeterminates, and Gnome and H75-5605, 
determinates. For this purpose, the terminal leaflet from 
the uppermost fully expanded leaf was used; in determinate 
genotypes, this was the third leaf from the top but the fourth 
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leaf from the top was selected for indeterminates. 
Yield components were evaluated at harvesting from a 
random sample of 15 plants taken from the three central rows 
of each subplot. 
Lodging was scored visually at the R6 and at the R8 
stages of plant development, using a 1 to 5 scale, in which 
grade 1 corresponds to all plants in a plot being erect and 
grade 5 to all plants lying flat on the ground. Plant height 
and the stages of plant development were also evaluated on a 
per plot basis. 
All plots were harvested on 30 September, using a small 
plot combine which cut the plants at the ground surface, 
assuring that the seed produced by all different plant types 
was collected. 
An analysis of variance was performed and orthogonal con­
trasts were used to test means of the stem types for differ­
ential response to supplemental irrigation. Since W could not 
be taken from all plots, it could not be analyzed with the 
same model used for the other variables. The analysis was 
made as for a completely randomized block design, consider­
ing days of measurements as blocks. F ratios were calculated 
using the pooled day x variables interaction sum of squares. 
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RESULTS 
The number of days from planting required for all geno­
types to reach a given stage of plant development is shown in 
Appendix Table B2. 
Fig. 7a shows Y means of two determinate (Gnome and 
H75-5505) and two indeterminate genotypes (Hardin and Williams) 
sampled predawn and at midday from irrigated (I) and nonirri-
gated (N) plots. Although the aim of taking Y was mainly to 
follow changes in plant water status due to changes in soil 
water availability, an analysis of variance showed a signifi­
cantly higher midday of -0,1 MP a for the indeterminate types, 
averaged over all irrigation treatments (a=0.001). However, 
this difference seems largely due to differences between 
types in I plots. Under dry conditions, both types tended to 
have similar ^ at midday. The difference in Y between N and 
I plants was greater (a=0.05) for the indeterminate than for 
the determinate types (Fig. 7a). This aspect deserves further 
attention in future investigations. Better shoot water status 
in midday could be associated with higher soybean yields. 
There were no differences between types in predawn ^ , 
The point of major importance is that ^ was very sensi­
tive to changes in soil moisture and clearly showed differ­
ences between I and N soybeans. N plants did not recover over­
night to the water status level shown by I plants. Differences 
in between I and N soybeans ranged from -0.13 to -0.26 MPa 
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Fig. 7. Leaf water potential in irrigated and rainfed soybeans; 
(a) Leaf water potential of irrigated (open symbols) and nonirrigated 
(closed symbols) determinate and indeterminate soybeans predawn and at 
midday on five days during seed filling in 1980, and (b) at different 
times of the day on two days in 1981; average standard errors for mea­
surements taken predawn and at midday were 0.014 and 0.036, respectively 
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at sunrise and from -0.27 to -0.40 at midday (Fig. 7a), Dif­
ferences in sunrise Y between I and N soybeans narrowed by the 
middle of August (Fig. 7a) after a period of rainfall (Fig. 
6). Y obtained at different times during the morning on two 
days in July 1981 confirmed treatment differences and indicated 
that ¥ decreases slowly during the early morning, then drops 
sharply between 0800 and 1100, in both I and N plants. How­
ever, Y of N soybeans dropped faster and to lower values than 
for I plants. 
Lower W in this investigation was associated with plant 
wilting and with yellowing and abscission of leaves of the 
lower part of the canopy, as well as with significantly smaller 
seed yield (Table 3). These results are supported by similar 
findings (Momen et al., 1979; Jung and Scott, 1980; Snyder 
et al., 1983) in which W values equivalent to those found in 
this investigation were related to significant reductions in 
yield. 
Seed yield response to irrigation was 19.1, 17.8, and 
12.3% for indeterminate, semideterminate and determinate 
types, respectively (Table 3). This differential response to 
irrigation, however, was not statistically significant. It 
is important to observe that the three types yielded the same 
under irrigation, but under rainfed conditions, the determinate 
types tended to have a somewhat greater yield. This may be 
one reason for the smaller response in seed yield of the 
Table 3. Yield, yield components and other agronomic traits of all 12 genotypes 
grown under irrigated (l) and nonirrigated conditions (N) at the Hinds 
Experimental Site, 1980 
Nodes/ Pods/ Seeds/ 100--seed Plant 
Yield plant node pod weight ht. ( cm) Lodaina 
Genotypes N I N I N I N I N I N I N I 
kg/ha no 1. no. no. g cm 1 tc 1 5 
Indeterminate 
Williams 2830 3560 16 19 1.8 1.9 2 . 4  2 . 4  17 17 106 130 1.0 1.3 
Hardin 3200 3890 23 26 2 . 2  2 . 4  1.9 2.1 15 14 87 104 2 . 0  2 . 8  
Cumberland 3490 3700 16 18 1.9 2 . 0  2. 3 2.1 20 17 97 119 1.3 1.5 
Sloan 3210 4000 17 18 1.8 2 . 2  2.4 2 . 4  18 17 99 121 2.0 2 . 8  
Mean 3180 3790 18 20 1.9 2.1 2. 3 2.3 17 16 97 119 1.6 2.1 
Semideterminate 
A75D-34 3330 3950 16 18 2 . 2  3.0 2.2 2.0 16 16 98 106 2.0 2 . 3  
A75D-35 3110 3580 15 15 2.2 2 . 7  2 . 3  2 . 2  17 16 100 107 2 . 3  2.0 
A75D-15 3080 3760 14 15 2.1 2.6 2.3 2.4 18 16 87 92 1.0 1.3 
Will 3170 3650 16 17 2.0 2.3 2.4 2.3 17 16 93 108 1.0 1.3 
Mean 3170 3740 15 16 2.1 2.7 2.3 2 . 2  17 16 95 103 1.6 1.7 
Determinate 
Gnome 3240 3570 12 14 2.1 2.4 2.4 2.2 16 15 63 66 1.0 1.0 
Sprite 3530 4130 11 12 2 . 2  2.8 2 . 4  2. 3 20 17 1.0 1.0 
Hobbit 3540 3820 14 14 2.1 2.7 2 . 3  2.1 17 15 65 68 1.0 1.0 
H75-5605 3124 3560 19 16 1.9 2.4 2.4 2.3 13 12 75 80 1.0 1.0 
Mean 3360 3770 14 14 2.1 2.6 2.4 2 . 2  17 15 67 70 1.0 1.0 
Irrigation ** NS ** ** **  ** NS 
Type NS NS ** * **  **  **  
TYPE X Irr. NS NS ** ** NS ** ** 
Genotypes/ NS NS ** ** * NS NS type X Irr. 
** = (a<0.01) , * = (a<0.05), NS = not significant. 
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determinate types to irrigation. 
Seed yield increase of determinate and semideterminate 
types in response to irrigation was more influenced by the 
increase in number of pods per node (25%) than it was with the 
indeterminate types (10%). Furthermore, considering that de­
terminate types suffered a reduction in the number of seeds 
per pod and 100-seed weight in response to irrigation and that 
supplemental irrigation was started once flowering of these 
genotypes had finished, then the increase in yield in this 
group can be attributed only to a reduction in pod abortion. 
Pod abortion due to water stress has been well documented 
(Sionit and Kramer, 1977; Momen et al., 1979). On the other 
hand, it seems likely that the rainfall that occurred during 
mid-August (Fig. 6) was not too late to be effective in stimu­
lating pod set on the later flowering nodes of nonirrigated 
indeterminate cultivars, narrowing the difference in number 
of pods per plant between them and their irrigated counter­
parts. The increase in yield of the indeterminates, in con­
trast to the other two types, was partly due to increased 
number of nodes per plant (12% not significant), and partly 
due to an increase in the number of pods per node (10%). 
Number of seeds per pod of indeterminates, in contrast to the 
other two types, was not affected by irrigation (a=0.01) 
(Table 3). 
Plant growth response to irrigation, shown in Table 3 as 
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plant height, was less for determinates than for the other two 
types (a=0.001) and indeterminates were more responsive, in 
terms of plant height, to irrigation than the semideterminates 
(a=0.001). The strong growth response of indeterminates (23% 
increase in height) was due partly to production of additional 
nodes and partly to a 10% increase in average internode length. 
In contrast, determinates added no nodes, irrigation having 
been started after stem termination, and had only a 6.5% 
response in mean internode length. Semideterminates added 
one additional node, but only about 2% in mean internode 
length in response to irrigation. 
The response in plant height obviously influenced lodging 
as recorded during the R6 stage of plant development (Table 3). 
The more the growth in response to irrigation, the greater 
the lodging. Determinate types did not show any lodging, and 
the indeterminates lodged more than the semideterminates 
(a=0.05) under irrigation. Lodging at harvest (R8) did not 
differ from early lodging and for this reason is not shown. 
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DISCUSSION 
Lodging has been well documented as a problem of major 
concern in the northern soybean production areas of the U.S. 
(Cooper, 1971), and it may have played a role in attenuating 
the potential response of indeterminates to irrigation in this 
investigation too. These results point out that the use of 
indeterminates with irrigation may be risky, because of the 
tendency of these genotypes to grow much taller and lodge 
worse in response to irrigation. On the other hand, the use 
of determinate types under furrow irrigation cultural systems 
has been discouraged because of the large number of pods pro­
duced near the ground surface which are difficult to harvest 
mechanically (Hartung et al., 1981). There is also some evi­
dence that determinates would require more water during early 
growth because of their greater susceptibility to preflowering 
water stress compared to the other types (Cooper, 1981). With 
these considerations in mind, perhaps the semideterminate 
type is a better alternative for irrigation than the other two 
types. Although they resembled the indeterminate type, they 
had a smaller plant height response to irrigation and lodged 
less than indeterminates. Also, they showed no difference in 
seed yield with respect to the other two types, which is in 
agreement with previous investigations conducted under irriga­
tion (Hartung et al., 1981) and under rainfed conditions (Green 
et al., 1977; Chang et al., 1982). 
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The results of this investigation, as well as other 
reports found in the recent literature (i.e., Cooper, 1981; 
Stuekerjuergen, 1982), should encourage further research on 
the response of soybean types to supplemental irrigation in 
North Central U.S. 
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GENERAL SUMMARY 
This dissertation focuses on the alleviation of water 
deficit in soybean crops grown in two climatically different 
geographic regions. 
Costa Rica Experiments 
Costa Rica, like most tropical areas of the world, is 
characterized by alternate periods of drought and heavy rains. 
Furthermore, unpredictable periods of drought can occur during 
the rainy season. Therefore, water stress can occur at any 
stage of plant development. An indeterminate growth type in 
soybeans is thought an advantage in withstanding water stress 
during vegetative growth and early reproduction. This hy­
pothesis is based on the fact that the indeterminate type has 
a period of coincidence in vegetative growth and reproduction 
and could resume growth and the production of nodes, flowers 
and pods after water deficit is relieved. 
A field experiment was conducted during the dry season, 
February to May, 1982 at the University of Costa Rica Experi­
ment Station, with the objective of studying the response to 
water stress of two determinate (UFV-1 and Jupiter) and two 
indeterminate (Improved Pelican and Nanda) soybean cultivars. 
A split-plot design with three replications was used. Culti­
vars represented the main plots and the stress treatments the 
subplots. Stress treatments were given before flowering and 
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during the and the stages of plant development. A 
second experiment, using Nanda and Jupiter, was performed 
under glasshouse conditions from August to November the same 
year. A completely randomized design was used in this ex­
periment and stress treatments were imposed at preflowering, 
R2, R4 and Rg. The soil of both experiments was a sandy loam, 
Typic Ustropept. Tensiometers were used to schedule irrigation. 
Stomata showed the greatest decrease in water vapor con­
ductance at Y between -1.3 and -1.4 MPa under both experimental 
conditions. This desiccation avoidance mechanism was helpful 
in maintaining leaf water status of the stressed plants above 
-1.7 MPa. Field-grown plants exhibited overnight recovery of 
water status, showing predawn Y within -0.1 to -0.2 MPa of 
well-watered controls. Under moderate to severe stress, total 
leaf conductance was mainly due to the conductivity of the 
stomata of the abaxial surface. Stomata from the adaxial 
surface completely closed early in the drying cycle. 
Indeterminate cultivars were better able to recover from 
water stress than were determinate ones, as indicated by better 
seed yield under field conditions. Water stress during pod 
development was more detrimental to seed yield of both stem 
types than was earlier stress, but determinate types were very 
susceptible to water stress even during vegetative develop­
ment. Early maturity cultivars of both types were more sus­
ceptible to water stress than late maturity ones. These 
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results support the selection of late maturity indeterminate 
types for low elevations in the tropics. 
The number of pods per node was better associated with 
differential response of both stem types to water stress than 
were other yield components or the amount and duration of 
assimilating surface. 
Environmental conditions in the glasshouse (lower tem­
perature and radiation, root confinement, and decreasing 
photoperiods) induced determinateness in Nanda. Consequently, 
it had a better response than Jupiter to preflowering water 
stress, but responded similarly to Jupiter to water stress 
during reproduction. The effect of environmental factors on 
the development of the plant and its response to water stress 
in the tropics deserves further attention. 
Iowa Experiments 
There is evidence that moisture stress during reproduc­
tion of soybeans can reduce yield in the North Central areas 
of the U.S. Some speculate that moisture could influence the 
three stem termination types (indeterminate, semideterminate 
and determinate) differently. Because little information is 
available comparing the effects of supplemental irrigation on 
stem termination lines adapted to the midwestern U.S., the 
purpose of this investigation was to study the response of 
these soybean types to supplemental irrigation during repro­
duction. 
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The study was conducted at the Hinds Experimental Site 
near Ames, in 1980. Four genotypes from each stem termination 
type were arranged in a split-plot design with four replica­
tions. Supplemental irrigation and no irrigation (rainfed) 
treatments represented the main plots, and the 12 genotypes 
were the subplots. Data on the water status of the plants were 
collected in 1980 and 1981, using the pressure chamber 
technique. 
Nonirrigated soybeans had lower V during seed filling 
than irrigated soybeans. Differences in between groups 
ranged from -0.13 to -0.26 at sunrise and from -0.27 to -0.40 
MPa at midday. Lower Y was associated with plant wilting, 
and with yellowing and abscission of leaves from the lower part 
of the canopy, as well as with a significantly smaller seed 
yield in all three stem termination types. 
Although the stem type x irrigation interaction was not 
significant, yield increase in response to irrigation was 19.1, 
17.8 and 12.3% for the indeterminate, semideterminate and 
determinate genotypes, respectively. The somewhat smaller 
response of the determinate type was a consequence of its 
greater yield under rainfed (stressed) conditions. Under 
irrigation, all three types yielded similarly. 
Seed yield increase of determinate and semideterminate 
types was mostly due to the increased number of pods per 
node, whereas with indeterminates, it resulted partly from 
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increased pods per node and partly from increased nodes. 
Indeterminates were more responsive in plant height and 
lodged more under irrigation than did semideterminates, and 
the determinate types did not lodge at all. 
Phenotypically, semideterminates resembled indeterminates, 
but their shorter plant height and lesser lodging response to 
supplemental water may make them a better soybean type for 
irrigation. 
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Table Al. Chemical and physical properties of the soil (0-
30 cm) in the experimental area; Fabio Baudrit 
Experiment Station 
Soil analysis Test , value Testing method 
pH 5. 30 1:2.5 soil-water suspension 
N, % 0. 183 Micro-Kjeldahl 
P, ng/g 9. 00 Olsen (Olsen and Dean, 1965 
Organic matter, 
% 
4. 68 del Rio and Bornemisza 
(1961) 
K, meg/100 g 
soil 
0. 685 Atomic absorption 
(Specht et al., 1965) 
Ca, meq/100 g 
soil 
2. 87 Atomic absorption 
(Specht et al., 1965) 
Mg, meq/100 g 
soil 
1. 29 Atomic absorption 
(Specht et al., 1965) 
Clay, % 20. 2 Hydrometer (Bouyucos, 1928) 
Sand, % 56. 0 Hydrometer (Bouyucos, 1928) 
Silt, % 23. 8 Hydrometer (Bouyucos, 1928) 
W.H.C.^ 
-0.03 MPa, % 
25. 1 Pressure membrane 
(Richards, 1949) 
W.H.C. 
-1.5 MPa, % 
18. 4 Pressure membrane 
(Richards, 1949) 
^ater holding capacity. 
Table A2. Some developmental characteristics of four soybean cultivars grown 
under well-watered conditions in the field and in the glasshouse 
(parentheses) 
Time from , flowering to Flowering 
period 
Plant 
height at 
Main stem 
nodes at 
Cultivar R 2  
^3 ^5 ^8 R2 ^8 ^2 ^8 
days days cm no. 
UFV-1 
dti 
30 38 55 105 7 2 8  33 7 8 
Improved 
Pelican 
Dti 
32 43 60 99 28 31 70 9 15 
Nanda 
Dti 
37 
(36) 
47 
(44) 
66 
(58) 
115 
(98) 
38 
( 2 2 )  
32 
(61) 
77 
( 9 8 )  
9 17 
(9) (15) 
Jupiter 
dti 
39 
(38) 
48 
(46) 
64 
(63) 
110 
(100) 
10 
(7) 
41 
(75) ( 
67 
101) 
10 10 
(10) (11) 
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Table Bl. Standard weather variables from 1 May through 
15 September 1980 at the Hinds Experimental Site 
Temperature (C) 
Month Max Min 
Precipi- Evapo- Wind Solar 
tation ration velocity radiation 
(mm) (mm/d) (km/d) MW/m^-d 
May 23.4 9.5 85.8 - — 306 
Jun 27.4 14.7 36.1 7.54 171.30 387 
Jul 32.0 18.6 44.9 7.56 132.87 374 
Aug 29.4 18.1 122.2 5.84 139.90 328 
Sep 28.0 15.0 38.1 5.07 142.31 362 
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Table B2. Number of days after planting required for all 
genotypes to reach a given stage of plant de­
velopment 
Stage of development^ 
Genotype R1 R3 R5 R7 
Indeterminate 
Williams 56 74 88 131 
Hardin 47 65 80 112 
Cumberland 54 72 87 128 
Sloan 54 72 86 124 
Mean 53 71 85 124 
Semideterminate 
A75D-34 49 69 81 122 
A75D-35 54 72 84 123 
A75D-15 47 66 78 113 
Will 55 74 88 128 
Mcsri 51 70 83 121 
Determinate 
Gnome 54 72 83 123 
Sprite 56 72 83 128 
Hobbit 56 71 84 126 
H75-5605 57 70 83 122 
Mean 56 71 83 125 
^Each number represents the average of 8 observations. 
